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1 DESCRI PTI ON METHOD OF MANUFACTURI NG GLASS STRIP 5
TECHNI CAL FI ELD [0001] The present invention rel ates
to a method of manufacturing a thin, rod-1like gl ass
strip through heating draw ng of thick, plate-Iike
pl ate gl ass. BACKGROUND ART 10 [0002] Conventionally,
i nprovenents in flatness and surface roughness are
very inportant for plate glass enployed for
substrates of sem conducPePCReNTERE, spacers for
field-effect flat panel displays, or substrates of
magneti ¢ di sks. However, a float process or a casting
15 process cCHUETEAGD| 9Ft MANGBEACYURERE @BAAS neThod of
manuf acturing plate glass produces plate glass with
| ow flatness when used to manufacture thin plate
gkagsIcalherefore, plate glass has to be finished to
an appropriate flatness for the above use through
éppﬂgﬁ)ng aRbdeperespnhginventiansightt¢eane anmmebrodfoh
o] u I
PRELEREChP RS it A PIye {Tfadofifid Eife Qi Yearing
doaghngssf 1D06B] ﬁbas@+yekéh@l@t@b¢E£$ﬁs descri bed

round plate glass typically is subjected
88%§%O%%$'%%?ng 25 twice, so that the surface

rovghness tsnPeprivnaiier 1 réﬂréﬁén@@'iéhﬂ‘&tn@é@ and

approximately 0.1 nm af er” the second pol i shi ng.
Faréxpecredshmass aaxhi v@rzpoimmmw for tielair%qqularfesd

t since ther be a
ol IR of s e FER Tt R REROBREE e Vi spacers
hext fB@l@e@Ef@ctt ofil aﬁ’rmzeébr@l s1Ea g0 esw Of ulh Ot e D e

the f]atness of the plate glass only through the
BrRArhy GhdEPol i SATEGET wid | TEeRlE WFEFEHOre” 14 et snkng

#%6ge§§rcﬁﬁféﬁ%1@ 20k - ol shidg, ag*g(ﬁgéﬁ@@tgﬁlly
ads to a higher nanufacturlng 2 cost
manufacturing plate glass produces plate glass with low

flatness when used to manufacture thin plate glass.
Therefore, plate glass has to be finished to an appropriate
flatness for the above use through grinding and polishing
of a significant amount of a surface thereof. As a result,
the plate glass after the grinding has an extremely

unfavorable surface roughness.

S [0003] To solve the problem as described above, the

ground plate glass typically is subjected to the polishing
twice, so that the surface roughness is 0.5 nm after the
first polishing, and approximately 0.1 nm after the second
polishing. It is expected that a third pclishing will be
required in addition to the above, since there will be a
demand for a product with higher precision in the next

generation. Therefore, an endeavor to improve the flatness

of the plate glass only through the grinding and polishing

will end up in more time and work for grinding and

polishing, which eventually leads to a higher manufacturing
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[0004] In view of the above, a nethod is devised to

manuf acture thin plate glass of a desirable thickness
using base material plate glass with a predetermn ned
thickness 5 and an inproved syrface roughness and by
heating the base material plate glass to soften the
sane and drawing the softened plate gl ass (see patent
Docunent 1). [0005] Patent Docunent 1: Japanese Patent
ﬁﬁﬁﬁcati on Laid-Open No. H11-199255 10 DI SCLOSURE OF
I | ON Y -
ONevr o whan The SanifactOr g Wt Pad deceribed “in "
PatehtcDocanthin lplatenpl oyedof ca ndesd ot e etlal gitrasss using
trip by heatin softenin and draw ng pl at | ass
Be S aNaF Sl o2 hr Qubhet NE. 71 ohr b Seeegi i to thithhess
AR8ULL I NGO PLRES sSEFAPe WESRFhLHs R SONVSX HEBMWELg the base
whereby flatness. deteriorates significantly. [0007]
TRechtebeptatavehtsonte ssollern | Fhyi e fangelrawing the

ol FTolol! ] SEM 4 Nvention is
to g%é%?%%/?gg gfﬁgghg%é%?g?r%nu g%t?url nIglgﬁ 21)91 ass strip
aceordi ng Pataht choautdnin, 1 r ofkbakes gl Restserst rAgp Widdtion

n. excel | ent t an be manufactured even when
]Sﬁ\%'é Fass- n@nﬁfg%?%?id through the float process is
subrestEek t o heatymgor awi ng. 25 MEANS FOR SOLVI NG
PROBLEM [ 0008] To sol ve the probl enms as descri bed

BOREEM ot BB SQeWR\AY afHBHpiNENT EOMret hod of
ctury I . L.ng. esent .
Rl on 1R T il SR gl B sea
e dext ergt et @negeinebuiss | ayeroyar at s uidracks 3dimd Pplatass
| ass .manuf actured through float process, and heating
S BoE o 174 e P B St e e T R P f e
ﬁéﬂﬁ&&@%&fb@ltﬁfﬁﬁﬁhf%ﬂ%”flégtEg#béé%@?'iﬂb resulting glass

het erogeneous |ayer is renove n a heating furnace
$lor by e e b s eCAVEH avanner a Westelabl Blathiedaess to

éé%égf6§g€g§ §Eéﬂf%icantly.

[0007] The present invention is made in view of the

foregoing, and an object of the present invention is to

‘provide a method of manufacturing a glass strip according

te which a thin, rod-like glass strip with an excellent
flatness can be manufactured even when plate glass
manufactured through the float process is subjected to

heating drawing.

- MEANS FOR SOLVING PROBLEM

[0008] To solve the problems as described above, and to

~achieve an object, a method of manufacturing a glass strip

according to the present invention includes removing at
least a part of a reducing heterogeneous layer in a surface
of plate glass manufactured through float process, and
heating drawing for heating and softening the plate glass
from which at least a part of the reducing heterogeneous

layer is removed in a heating furnace to draw the plate
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[0009] Further, in the nethod of manufacturing a gl ass
strip according to the present invention, 70% or nore
in thickness of the reduci ng heterogeneous |ayer may
be 5 renmpved in the renoving.3[0010] Still further, in
t he nmet hod of manufacturing a glass strip accordlng
to the present invention, the plate glass nmay be

i mrersed in_a hy drof | uori c-aci d- based et chi ng

dbREEi bA én@e%%r@%%%tt%;%%@@S%ftQh%D@%d%cg¥@ﬁs strip.
|
Eggggggenew&hép ﬁa{&h%%aéﬁ@ Ccor Mfaé \e/ﬂgn% glass

ECT OF THE T NVENTI ing to
ptesenaccw@mm oy tleeaovedsaft ainvdmasina "p@% toofmeare in
In a surrtace

e R e eI e T Tttt e s 18 1

aﬁméb@ﬁ1ﬂﬁtt@@ @ém@v{ﬁ rence in conposition between
surfaces of the ate gl ass. Therefore, no stress

é?@%%}encestklbeﬁ%¥%@%@rbé@mEQ@Im@ﬁh@ﬂwq%c@%nwﬁaQﬂﬂilng a
Sa S e
ga?%gggg%?ﬁ t%gog?asgcgirF%gé&ﬁg%e suppresse ggg%a%hate
ghens they phat Bugtassd 20h nanuf ot fres 1 dyough-Bdweed leaathing
cess is ub ected to heati drawi n wher eby a
o DEETR 123 Rt HLerP b T EntoL (16 MRl iRF (et erogeneous
TRpeiE acs UJE@:Q@V&B' BF DRSGRLEF}QN, OF DRAW NGS [ 0012]
Fi g$ is a flowchart of a 25 manufacturing
1%?%%%% %fTﬁﬁrﬁﬂVﬁNﬂiﬂNkﬂanufactur|ng a glass strip
i ng o invent |
F(%IS;SIFZ] '._Zj:lcgc ﬁ@agiﬁpn&% e e e‘f)e?ﬂ}elxp arnenho%al of at

Yoakici ngeduet w@wn@aﬂl&ir&y&reﬁﬂmmw acess Usi ng Alrface
[ schemati c

j [ uti 30 [Fi 3]. Fig.
‘S}i ﬁ"? ?S%%%ﬁ aaét%g?cb 'ljé‘ i rﬁllosq‘l‘f:ﬁgroqgsq:,rges%ts
15 &h BRSO G F @8t £S5 Qi dTeas W GIRIM S 1 A b%q:ween two

concentration near a surface of float plate glass 4
HecloreRhp i oISt MB alimlgsiss.  Therefore, no stress

difference is generated between two surfaces of the plate
glass in a process of heating drawing, whereby warpage of
the glass strip can be suppressed even when the plate glass
manufactured through the float process is subjected to
heating drawing, whereby a glass strip with an excellent
flatness can be manufactured.

BRIEF DESCRIPTION OF DRAWINGS

[0012] [Fig. 1] Fig. 1 is a flowchart of a
manufacturing process of a method of manufacturing a glass

strip acceording to an embodiment of the present invention.

fFig. 2] Fig. 2 is a schematic view for explaining a

reducing-heterogeneous-layer removing process using an
etching solution.

[Fig. 3] Fig. 3 is a schematic view for explaining a
warpage amount.

[Fig. 4] Fig. 4 is a graph showing results of measurements

of Sn concentration near a surface of float plate glass
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[Fig. 5] Fig. 5is a table of conditions for reducing-
het er ogeneous- | ayer renoval, thickness of a renoved
part of a reducing heterogeneous |ayer, a rate of
reducing 5 heterogeneous-1ayef renoval in exanples,
and resulting surface roughness and warpage anount in
exanples and a conparative exanple. [Fig. 6] Fig. 6
is a graph of relation between rates of
?EGQEgh@ghﬁ@e$5@%n%%@%¥$h§er removal and war page

T

hateroaéntp®a$el@jfassrerﬁomljuctmgch&tm crg[‘ertecnmcbxaa,cbrpa’a:t of
Et chi n sol utton tank 15 4 Etchin soI |on 5 Bottom

SUFTALELE Hops LR Fice s Y page 8“{%%&%}@1 i ne

ROt 8r By shanee- Dﬁé\ﬁeﬂeﬂ&\@apoilﬂtéxﬁweg r Odﬂc?a&!‘s@ltﬁlﬁ{g
by unit length 10 d ass strip BEST I\/O)E(S) FOR

NG OUINTHES | AVENTHOM I ¢ 0BID Exienpteamp les and a
g}qllggl Loents ofs r%ﬂl_jt hod of 25 manufacturing a gl ass
ding

p accor 0 the present invention will be
teseri bkd Figdetaid hedoapinidh referenceetivedherates of

ac ongla@?yl n&ﬂg&gw ngs. Th;geg{zg%%g%all{ nventcﬁ on ch’e g%ounts of

cEles 1st§d@sfi@%ﬁ 310§ A y@nufacturing process in
t he net hod of manufacturing a glass strip according to

BRRLANASDON ENT IFHTTERS mféslﬁﬁ‘fER}kN?entl on. In Fig. 1, a
BOLELS (16T M SN [ epared (step
S101)2 /\fRé&ﬂciﬁﬁfheterogeneous layer .

3 Etching solution tank

4 Etching solution

5 Bottom surface

6 Top surface

7 Warpage amount

8 Center line

9 Distance between two points away from each other
by unit length

10 Glass strip
BEST MODE (S} FOR CARRYING OUT THE INVENTION
[0014] Exemplary embodiments of a method of
manufacturing a glass strip according to the present
invention will be described in detail below with reference
to the accompanying drawings. The present invention is not
limited by the embodiments.
[0015] [Embodiment]

Fig. 1 is a flowchart of a manufacturing process in
the method of manufacturing a glass strip according to one
embodiment of the present invention. In Fig. 1, a plate-

like glass manufactured through the float process {i.e.,
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is filled wwith nolten netallic tin, and nolten gl ass
is poured onto the bath of liquid tin, whereby a
float plate glass is formed. The float process all ows
for stable low 5 cost nass prgduction of |arge-area
plate glass. Since a |ower surface (i.e., bottom
surface) of the plate glass is brought into contact
with nolten tin in the manufacturing %ﬁroc SS,

fRPaF| PL2EBNPOREAL s1@NPBPPRARG 65'sel FaEeL ) Zyeﬁ‘ boat feath
bat oM Sy {268 AS1EONSye el €LY A, egxy&'xrﬂcgle& glass i

het er ogeneous | ayer containing netallic tons is forne
paurefeofitoathpl haeh gbAssiglhi ckires swinérelne a efluzainglate

het I i i t al h ti
DB A9 RSy S PLALTL IR IEL Bl Al 8l ke 1w
tosbenhds apré@angei &h @ﬂpl@ﬁ(%éméﬂéé/ plidew pradso. 100 a

p

15 [0016] Next, the fl oat ate glass is cut into .
de¥rFabrefagezél - and brbkommterfate bl of ethe azkatie glass is

LD a; ter] r ' rogces
R R Rt e R
exanpbe,; B2Bahiicncowpdbhentd amten ihickness;fand Haper of

i | th. 2 0017]. Next, the b i al | at
Pht o PR sl L P L ey e ert Ay T e
PEDELSGendbigs ebyyd O €b0ife IRE A @iget AN01 & Mol d ki agihared in

to the surface in processes such as the naterial

Prephradt onl pFocebsss s rBrviEesteb Bio3yedudigon 8]

Fobdrofing G881 &8P ol LM SHELT Bl N RLASSAROLS
ascoetivedtd sgrps Sldfhpo ghr ongh theudglenovadn ofc B in a

| east a portion of the reducing heterogeneous |ayer,
Hi9erehcPhirebmpost Y i dnfvethiedie tWtP st f aces of the

gl i upper_surface J(i,.e. .
F(%)(gﬂgbrf a?%sx%’o 12}1% ﬁéeg\%g@[%%s r Eé\scelsofmﬁ”}elnp C)atdeesuable
glass oah heselnataaied. pl4001P]askheis cut out in a
reducj ng- het er ogeneous-1 ayer renovi ng process shown

Nttt S0P IR WP rRIEASG tHrgught $8ndbl Hstispt the

Beson ng- {0 Wi £he thessyrfaces of dhenbase 3w el aly wigtn,
late 6 glass is polished by gl ass beads bl own onto
hen sigr fiddeckofess, and 1.5 m in length.

f0017] Next, the base material plate glass is washed and
dried in a washing/drying process, whereby foreign matters
and the like adhered to the surface in processes such as
the material preparation process is removed (step S$103).
[0018] Then, at least a part of the reducing
heterogeneous layer in the surface of the base material
plate glass is removed (step S104). Through thé removal of
at least a portion of the reducing heterogeneous layer,
difference in composition between two surfaces of the plate
glass, i.e., between an upper surface (i.e., top surface)
and the bottom surface of the plate glass can be eliminated.
(0019] ' The reducing-heterogeneous-layer removing process
shown in step 5104 may be realized through sandblasting

according to which the surface of the base material plate
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the base material plate glass by conpressed air or

t hrough ordinary polishing using an abrasive pad and
abradi ng agent. Preferably, however, at |east a
portion of the reducing 5 hetgrogeneous |ayer is
renoved through i mmersion of the base material plate
glass in a hydrofluoric-acid-based etching solution.

In the etching using the hydrofluoric- acid-based
d48Ae, l§up%e§h?réu1aﬁnfé%%8%fb@%s PP e Pk’ Fhe fipiface of

gﬁéeﬁhgéaﬁgger§gg ﬁfgtée é%ﬁ%&g Q&&rﬁhﬂ'or through
e achleve

het er ogeneous [ ayer can a sinple
padihiaty pmﬂithMche1n@nsmrabnasnmetm@daama afradieng agent.

| ate Usabl e etc ing solution is r exa
R RFSFRaOTT chagRae oSt | B r R OTEL Gy oot | L T
a@tgraganggbéumgeﬁcm r@ﬁov@dltmkb@gm Xhs€sdn of the
hydr of l uori c_acid, amonium fluoride, 15 and sulfuric

Befd. NpDOPORL ThbALe t fibaBaskn n@t%yqimfbm@récm%% hagsed
a dipt

upehEtiofpdLufibed | h Pl IS LN IO Bt noric
sulﬁabasd@ra@@ntprﬁ@Eﬁses Bmmghm65$h®f the plate glass is

ﬁn@ gg hete eneqys | ayer re gg Zoéfcgcess are

= ‘(’Js?Jéi‘) 055)‘1rl He1yemme bad tAiC %t e

Hé@éﬁoéél@@&ﬁ\@ﬁ@y@f é&r@sée FoPBEde@fwifte 4 UG racility
het er ogeneous | ayer is renoved is subjected to a

ek el W%WWW@%@ESOIZ ntivhi @ea hel bdse phalterdkass.
P R RIS P S S SR BB (i poie

gl Bssusd rmjx st € po SLE) roSiuneei @tad Basdind partunic tatteLd, or

re uci n hetero ous.laver is renmpved in step S104,
R Ch’? fljtlﬂ%lcbe%\?e‘én R tluoride,

§Mdf§@§§u§gctg@idbase material plate glass is
el i m nat ed, whereby no stress 30 difference is

Gewe? bt ed Beamedhe Heagswrasiiefexespbite hpl adgmsies washed and
%E?%eg(ﬁelss T%Ler e orlzhc’gc‘/ng \rllﬁegrh?e%ehse%t Ioa S?r g‘f ePC%T as%n S

mahj @cd eghd o-theal g st ag, tdvatrrpﬁgﬁmjfad@ej@ﬁsgs
pzééclee%%q?ﬁ 7SucSUpapsr etsﬁeedrec}l,glqcelrnecfyheategll"oa;gngcglgsl pla\@/etrh raer}nov1ng
process are remcoved (step Si05).

[0021] The base material plate glass from which at least
a part of the reducing heterogeneous layer is removed is
subjected to a heating drawing process in which the base
material plate glass is heated and softened in a heating
furnace to be drawn to a desirable thickness to form a
glass strip (step S106). Since at least a part of the
reducing heterogeneous layer 1s removed in step S$104, the
difference in composition between the two surfaces of the
base material plate glass is eliminated, whereby no stress
difference is generated between the two surfaces of the
base material plate glass during the heating drawing

process. Therefore, even when the float plate glass is

subjected to heating drawing, warpage of the glass strip is
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fl atness can be manufactured. The heating draw ng
process can be perforned according to the nethod
described in Patent Docunent 1, for exanple. 5 [0022]
Thus, the glass strip with an;excellent flatness is
obt ai ned. The obtained glass stripis fornmed into a

gl ass substrate of necessary shape, for exanple, to be
used as a substrate of_ a seniconductor device,
SPREERSFBF, avheTalY panel 2w spralp alisubyt r%széleJo?ma

@QEEEEQ géﬁkbeolﬁaﬂ@faé'ptll Lge (ﬁg%é&pl?ﬁr% Cﬁ#é‘/&ﬂl# gtgrocess

glass strip wth an excelTent at'ness act
tant he pethodned mmrt@nﬁgjrtmgthaam@tlmmgiésrﬁimed in

resent_inventijo s little war page, the glass strip
g% g 207 HABT ﬂhpﬁ%?e%x%% eyl ass substrate or the

[Dbg2enpl oyeds f ofhé her dsesst+ 5 agh above dhad1isndSF1atness
reqU|red to have a high flatness. [0023] Exanples of

i feChbe hpad of %ﬁwkamm%gghaw aslsrimt¥s pfagest dimep 2
gs?gye %ﬁf&{e'@f%ﬁ‘ééé’é‘ é(\f: lﬁ%%\%esfcgf bed, oéfedegoa'ﬂe used
el Ow. e

resent inven
by ahsu]ex’amvteesof%) sﬁ@ﬁ)ﬂd@nc@ﬁxﬁmlmﬁcép 2lsBacer for a

arative_ Ex As an exanple of the present
Rt AR lp B EE Al Bt oy Pl o the
(TEMPA &b oat §7) . M acttedybyss Sehotd A@h I8 excellent

Fre pared. Fol |l owing the manufacturing process shown
RS s maratdcioirethel moltle imgthprd palf atdronf xS uring

Qé%&féfn “@?h&ﬁ@/déé%éﬁkFHﬁ’éﬁ%ion has little war %pe, the

ucli n er ogeneous- renovi ng process, n
abesdb n@iﬁtyl afngn ocasstdlsly paidlosyetl 4:0 arfldactdisstrate

base terial plate glass of 328 mmin width, 5 nmin
hi Tk n23§§< a?{EFP Lpmdxi Hat E1y 155 histed GhAYE TRE is

Page: el e d al 2l af qugi@%la@néé& ected to 30 heating

drawi ng, and a glass strip of 25 mmin width and 0. 38
e33R t hi mggle% rfantiactefieed Owaenaredimmgrlnq a glass

eL o oSPUSRHR e  EN 25 L 90y 100l crived
i cdtgl below. The present invention, however, is not
limited by the examples.

[0024] {Examples 1 to 21 & Comparative Example)

As an example of the present invention, a flcat plate
glass of borosilicate glass (TEMPAX Float® manufactured by
Schott AG) is prepared. Following the manufacturing
process shown in Fig. 1, each of the material preparation
process, washing/drying process, reducing—heterogeneous¥
layer removing process,. and washing/drying process is
performed to manufacture a base material plate glass of 328
mm in width, 5 mm in thickness, and approximately 1.5 m in
length. The base material plate glass is subjected to
heating drawing, and a glass strip of 25 mm in width and

0.38 mm in thickness is manufactured. The reducing

- heterogeneous layer is removed as follows.

[0025] <Removal of Reducing Heterogeneous Layer through
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An etching bath is filled with an etching sol ution.
The base material plate glass is imersed in the
etching solution for a predeterm ned tine period. The
used etching 5 solution is a $iquid mxture of
hydrofluoric acid and sulfuric acid, or a liquid

m xture of hydrofluoric acid, amoniumfluoride, and
sul furic acid. <Renoval of Reduci ng Het er ogeneous
£agR+1¥hrough Sandbl asting> 10 G ass beads are bl own

~onto fhe.gur{ace,ofnthe PapR.q TRt al Hlal %@Lﬁ%eﬁyon.

conpressed air; and an entire surface of the

Ghaskass patéshed. pkRetrovid s of 1 Relduws mge Hettre ridge nelousing
Layer. t hrough Mechani cal . Polishing> 15 The, base .
RATArISE BYard B SLS-TEC AT SHOE By s Q- Bigioed etching
pol hshbngi frag hi Ngu{d vkt ehe abf asywe MRerc | & a3 safd

suede pad and abradi ng agent is colloidal silica) over
shelueheireldurdace. | Sinke nixture)iqf iAot 8190l s Arid,

Aﬁﬁ&ﬁiuxﬁ‘rfﬁu@f‘f&e,ﬁa&ﬁcﬁiﬁhjﬂﬁﬂf %9&8 due to equi pnent

constraints, 20 a base materi a ate glass of 328 mm

fhempdd h, o5 Renluaing Hickemessenants 40yemm tihrdwrigth i s
se .lThe.Iength is shorter than the base nateria

%?%. Wa¥9%entioned earlier. [0026] The removal of

the remiet Ngedted ef0geNeoms derth St Ree base
etching is described in detail. Fig. 2 is a schenmatic

T3 et ok bl nlFep thie ceuis Trphetidro etk cus o1 by

i r ' £ [1na.,sol ution enpl oyed
%n t(%Qg%g&%%g§§%ﬂgé%%ﬁg§;%%tc]ﬁ%g%éﬁh 3is filled
Yenovaln ef dedg isol Heéterdhsushias.aydi qiirbugixtMgchanical

f. 3Q hydrofluoric acid and sulfuric acid, or a liquid
éﬁ%&%ﬁ%ﬁéﬁ hydr of | uori ¢ acid, anmmoni um fl uori de, and

sul f e B mfrebase pBiE! iqladd ate @Wrshdd iy a two-
imersed in the etching solution and a part or a

SR DI T me Uit e Thet G geneBusirad igfementiey is a soft
gﬁ?ev%gad Ta!}.{cfkébq.sasdiq{g tahgeer{terﬁosvecdolrleodiuc&{lngsilica) over the
entire surface. Since it is difficult to polish a large-
area base material plate glass due to equipment constraints,
a base material plate glass of 328 mm in width, 5 mm in
thickness, and 400 mm in length is used. The length is
shorter than fthe base material plate glass mentioned
earlier.

[0026] The removal of the reducing heterogeneous layer
through the etching is described in detail. Fig. 2 is a
schematic view for explaining the reducing-heterogenecus-
layer removing process using the etching solution employed
in the examples 1 to 19. An etching bath 3 is filled with
an etching scolution 4 such as a liquid mixture of

hydrofluoric acid and sulfuric acid, or a liquid mixture of

'hydrofluoric acid, ammonium fluoride, and sulfuric acid. A

base material plate glass 1 is immersed in the etching

solution and a part or a whole of a reducing heterogeneous
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het er ogeneous | ayer can be adjusted through control of
various conditions such as a conposition of the
etching solution such as concentration of
hydrofluoric acid, 5 etching §inme, and tenperature of
etching solution. In the exanples 1 to 15, the
etching solution is a liquid mxture of hydrofluoric
acid and, sulfuric acid, the etching time is 0.2 to 40
APHEF e$, TanteRpBed enpbi BE RS DIOK h%l%twwge%owﬁwmg

h@t%&&&&@%&%@ﬁ%&% Jas 56&3%39% :‘%ﬁ&% Nbrido1 of

solution is a liquid mxtur oric aci
Eﬁﬁbﬁuﬂn¢0mﬂubl®m@ sarid $w|iLﬂwmeﬁﬁtﬂOHfmﬁeﬂhﬁﬂetphing

IS 10 to 100 nmninutes,. and enperature of .the
TRrbon o8ril) 4 e gubet 180 5 R iyERISHE Sy
aScﬂlﬁ@n@ﬁﬁ@I|a/1$det(@ﬁ@éﬁat@:e1c5ffé@ﬁhrﬂj atel il ass. ofin the

the sane type as those enployed in the exanples is

P apat 29 1E‘é<éh1%f 120 %ﬂf@m%ls%@vfﬁrmwrﬁ Fotiebguixture
S f

e LA Lo PROFR I A 08 & (s B8 AR ime s

2 ite 4hicknesss, mddaﬁpmob(enmmwﬂe Sinthe [engting s

20. manuf actured. The base material plate glass is

Qb et s t%5°ﬁ?eat iy thea®iigip 1afd 1& Gioadd sithiep e6rh2ng

%gljo%lg:sg\dlldi%] he eX% l? Z[Egl%l.'lﬂ}?z {]fwcifur ace roug(i{ﬁ[eagtgﬂonlum

ﬁIuo:tiree,baezBi nm}efuuaic pd @t qllasseta;fltﬁ’rg tthiener einovial tof 100

t he 25 red heter eneous Ia I s _measured by an
U OH TS 1 oarfb %1%% @eta%hlif}g t¥plution is

£ofpar ative exanple surface roughness of the base
material plate glass after the washing and drying is
heEslr ed n ARM dhid herand Warpage-cafpd e iglassBigliq a

fter heating drawing is 30 evaluated in each of the
@Paarrplg]sa £atihe SRAPIES F007RsASHHoved in the
d:neh Rt Pri P e, way page, of c;f"qj'gi %?astesltfélp’pré)aratlon

war page anmount ‘i s used. Fig. Is a schematic view for
RQste i i aihie avedialge mmss,amﬁdsrtdws ld lsecitd grerformed,

a%x%%%gghﬁ§§n§%g§§gfuﬁiége gf%%% r%bhﬁ%f@mf%u!%&L q1fQ¥1mn in
thickness, and approximately 1.5 m in length is
manufactured. The base material plate glass is subjected
to heating drawing, and a glass strip of 25 mm in width and
0.38 mm in thickness is manufactured.

[0028] In the examples 8, 12 to 21, surface roughness of
the base material plate glass after the removal of the
reducing heterogeneocus layer is measured by an atomic force
microscope (AFM), whereas in the comparative example,
surface roughness of the base material plate glass after
the washing and drying is measured by AFM. Further,
warpage of the glass strip after heating drawing is
evaluated in each of the examples and comparative example.
[0029] As an indicatecr of the warpage of the glass strip,
a warpage amount is used. Fig. 3 is a schematic view for

explaining the warpage amount, and shows a section of a
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strip 10 after heating drawing. The glass strip 10 has
a reducing heterogeneous |layer 2 forned on a bottom
surface 5. A warpage anount 7 of the glass strip 10
is height 5 difference betwegn a highest point and a

| owest point taken along a vertical direction of a
center line 8 of a thickness direction of the glass

strip between two points. away fromeach other by a
ghPes| éHEFEréﬁeaogu%s‘fi?é%éab%%r$%%@e wherehel gPass glass

§EEh?a1@ QEEeQUBeéﬁlﬁ Fé&Iﬁ?e byh?oég%?§T%€§@%yl@L§§% a

is placed on a horlzo surface. rpage
aﬁduﬂtngshﬁEasggedeaud Eaﬁéuazeﬂobmea osuafhmtt@mx$mwface 5.

asur enent dev nuf act ure oyo
PR TR Ot T b ERR o Tamhn et Hhefe oo ittt |
SeEft0cRBe NPt AedeShr BgNaE tiep®int hendas PEGRe @&T%Enﬂ&aken
varies according to the use, and is 2 mor less in the

84SBYoF Hepihsa s@b@@@ﬁ%@nf@f a peRjpet | kiek sk, ohml
f f 0 .
PR Ex t@ésogi%gwé?ﬁsgg;e@ §5ss Q{rggaﬁ%! eTL %lpmts
aesmlfsomfeaehsuthaenmg @funﬂﬁ EMnﬁtmranmmmmﬁtfﬁt@n
near. t he

BB O SR Phcbir ST A" 15D pl G111 806 Shsbet Fie The by

BXOEPE By aEe 4 Nes conpasatdy e, %@Fﬁ&itzﬂ‘esuf‘f)ééezom al
axis represents depth fromthe surface, whereas the

VePPtal akhe W@p@@@%mrgom@t at$ vee B ohoerd reitd bted by a
gérf@@ef{%?{upé %8 &@péletyntcg E@é/ OOOSman 0factured by

concentration 1s near ace
ME%MG@@@SC@W@@TétDmthe merdfﬁtandﬁ beﬁhéﬁﬁ(kﬁﬁ)ﬂwurﬁ01nts,
fromithe gégface concentratlon reaches saturation

Hhd® takes B%kgr%ﬁ%sl%%‘éa Thetefigie, WaTRage amount

estfér(ré]a%%c&gd% %%%%%Oéﬁé eJSé)l S a tarbllgélss o“lv3f/|1 ntghe

crsmer s mfglﬂhjmm@tfﬁ@rﬂg@%mﬂeﬂyﬁf dedmyvalnd e
t hi ckness of renoved base 11 nmaterial plate glass,
rrgiaradilvedudih R hetafrogefsoe<dmayler. renoval of the

R es. and(RsUld] g, ST AR, f oughness

Fig. 4 is a graph showing results of measurements of
Sn (tin} concentration by secondary ion mass spectrometry
(SIMS) near the bottom surface of the float plate glass
used in the examples and the comparative example._ The
horizontal axis represents depth from the surface, whereas
the vertical axls represents relative Sn concentration. In
the float plate glass employed above, Sn concentration is
highest near the surface, and decreases away from the
surface. At a 2-um-deep point from the surface, S$n
concentration reaches saturation and takes a background

value. Therefore, the thickness of the reducing
heterogeneous layer is estimated to be 2 pm.

[0032] Fig. 5 is a table showing manners of reducing-

heterogeneous-layer removal, the thickness of removed base
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and war page anounts in the exanples and the

conparative exanple. The rate of

reduci ng- het er ogeneous-1 ayer renoval 5 neans a ratio

of the thickness of the reduging heterogeneous |ayer

after the renoval to the thickness of the reducing

het er ogeneous | ayer before the renoval, as

represented in percentage. In the exanples 13 to 15
%ﬁge-‘ﬁaltﬁlq’@? T eknesst ot of prrdiom e daP ISt Laver

%%ﬁo@éfhéﬁg¥ﬂg é§a§§%§§,téh&”ré§ﬂ *nérgﬂkﬁggé roughness

ckness the a rreduci ng heterogeneous er.
e nva heaexaapbestd i 2le erencbnparet thid odderative

co ative exanple,.it can be seen that the warpage
SRS of  THe BT <0 Strs oty dit i sl by o0 removal
eEaE Ng 18t 5b O fiicantl Yo kecic ede dug tiedieidgenoval 15

of the reduci ng heterogeneous layer. [0033] Fig. 6 is

e b BIE RN ntR e F e Blig -t i aheto rigie @ilckness of

i na- - e V. ag
e e Y Y B A e g e
ceprdeestsh fx getdenttp@ph, Trhathd hecangypagel anmunts 2thd 17
decreases, as the rate of reducing-heterogeneoys-| ayer .
ferbial ot U= He et T ARG arpajening

lal begcanes sthst afddldpe fllcage dhe f a3k Afctual
reduci ng- het erogeneous-| ayer renoval reaches 50%

reprovedrem teappRie el ahetyethe Htan gfhe examples 1 to 23
ucl.ng-he eneous- | .25 re . re es _7Q%

L s SO R S LA B e seen

s, thdhererpsga aorurel adf crthdefvieen dthel pnanpage-ted to

amount of the glass strip and the rate of reducing-

MG HEOURT ayersy A1an tne B d hie tédddisgemoval
S0 {1 HQURNBONS d @ve] o e TAmEved by a thickness
that allows for a desirable warpage amount.
Fr&etdr abl yEiagvhen 1b@oaraptordranfinhe tid lokniess sftwdsn the
reduci het er ogeneous | ayer_i-s renoved r o
e S R ol T e el s
W dpduginthhet Brogengolss [ayeip lin ieMmvetpltde 1 to 15.
war page of the glass strip is efficiently
It can be seen from the graph, that the warpage amount
decreases as the rate of reducing-heterogeneous-layer
removal increases, until the decrease in the warpage amount
becomes substantially filat as the rate of reducing-
heterogenecus-layer removal reaches 50%. Improvement

appears when the rate of reducing-heterogenecus-layer
remcval reaches 70%, and the warpage amount becomes 1 um or
less.

[0034] Thus, there is a correlation between the warpage
amount of the glass strip and the rate of reducing-
heterogeneous~layer removal. Therefore, the reducing

heterogeneous layer may be removed by a thickness that

- allows for a desirable warpage amount. Preferably, when

50% or more of the thickness of the reducing heterogeneous

layer is removed, or more preferably, when 70% or more of
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suppressed, whereby a glass strip with an excell ent
flatness can be obtained. 5 [0035] In the exanple 20
where the reduci ng heterogeneous |ayer is renoved
through sandbl asting, an advantageous effect of the
present invention, i.e., suppression of warpage and
i nproved fl atness are obtai ned. However, the surface
roughness after the renmpval of the 10 reducing
ﬁ@?e?@@€ﬁ€8§§ PayEhei 5edppiB%i ABFRIF9ITBOORF m 2 ¥RE 15
rebatibuel yhii ghy-n o8-t he phbeg: handsinsthe exanpl e, 2y,
wher e the reduci hg”hef erogenéous | ayer i s renopved
shpoughsenecihricehl potishinglraphwghh nanuéace Lt ¢my
%ggg S regui ed %o.regnve t he reduci ng het er ogeneous
F&75FeRRi FEM18°nBPRE AR hg a preferable surface
nougBness. thntaddekh@Ple bbhewBets BhEOASHKALAL ON a
golishable area of the base material plate ? ass due
§egarpReAtScoA¥EF al fit 5emaRedi Rhrevae tasdslaatbage an

[ t s . of desij e.:. Jdi ion; not
e AR ot B PR A et e b e e
expppkesidnt of19aapdget Ardexappbesd20lahde24 are obtained.

onpared, _jt can_be found that en chem ca
BOVPERERgche SEFForRetCTARBOGh EAECE: CHEnGoRrEh Phethe
pydneihyonke=a6h8nbased1 giehi N sPbHbLk ONatSUYf B6€ nm, and
roughness of the base material plate glass is nore 25

peépbiEpblE hAdkeonpari tba afbarthardebiai hed wherrifell
I i .S per LN L.tion
SRSPELENG PUabSAREhoETFaaeRBuL T agEk L refaved ghrousn
seapheieqli poknshiag, shombgh méhgfa2tuFinme hesst whenrequired
he |iquid m xture of h%drofluoric aiid and sflfuric
i BePSVenpl By EadaSI LA 3B EPERT ARG S of BYPHNVAS ¥n the
ﬁé@ﬂ@é@ﬁiﬂﬁ_hopééfe£§@l§U£ﬁ§E§cer989 REssSsdet eni 984l €son,
as the etching tine increases. On the other hand,
Whehet he fi gohdtriiknbrenod hobiohabbei ereacdd, the base
' [ n uLfuric.acid. i I as -
ARECEHAR 17851 BFral et e dnBietn RaliEr 81 FPRE "ok in
suné aceseof thipabaseatatesl ablptatelgbassfdet ecsdrabes
éiééﬁgiggegay not be processed.
[00386] On the other hand, when the examples 1 to 19 and
the examples 20 and 21 are compared, it can be found that
when chemical polishing is performed through the etching
with the hydroflucric-acid-based eifching solution, surface

roughness of the base material plate glass is more

preferable in comparison with that obtained when the

sandblasting is performed, and in addition, a desirable
amount of polishing can be realized in a simple equipment
as shown in Fig. 2. Further, when the liquid mixture of
hydrofluoric acid and sulfuric acid is employed as the
etching scolution as in the examples 12 to 15, the surface
roughness deteriorates as the etching time increases. On
the other hand, when the liquid mixture of hydroflucric

acid, ammonium fluoride, and sulfuric acid is employed as
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when the etching tinme increases, thus providing
preferable results. 5 [0037] It is supposed that the
war page of the glass strip subjected to the heating
drawing is suppressed through the renoval of the
reduci ng heterogeneous | ayer for the follow ng
reasons. Wien the reduci ng heterogeneous |[|ayer exists
at the bottom surface of the float plate glass, 10 the

G&ﬁp@§FPF&H sgePtéRNngthenpRF AR GReTOVNREBSFt 9T Bhe theface
Ek%h%lbggklﬁaQbEﬁgﬁ Eﬁa&@egEQQSSHéEéfﬁoﬁggeEhfl@@iéog%en
surface. Therefore, e stress difference 1s generated
M@BWeéhethéChmmgsunmacescdaaSﬁg,thbuhearongddmampngferable
race % resulting in a glass strip with a convex
Secti R bul ging 15 towards the top surface side. \Wen
tloe 3reduci mg 1Bebabplsaaouﬁatayaé warbegeved, thBeglass
di fference in onposi tion between the two surfaces of
?ﬁélBI§F€J@F5§§ te tBpi hrAhied, daAYiPHel st FEBRTESSd
n [ eper d a
e e R e e A
bbesdpplewsed. r¥hechaventibes bhet hedupirgehetenveaneons

SBEFi REAECt 801 PHA HobRRGoobf TNaPpabe ho[ b038f Hhate slass,

@h@seampbayemthnsbﬁt@ﬂinblﬂbhggrbyukaﬁ vesbedi i8Nt Snd the
descri bed above. The enbodi nents are descri bed 25

abboeskieBEYYbIiRagrofti Fhasteat sBAf2aadaadythe ngot har
?§§Eaégb3t?Hgkékb¥eﬁh§héa rgggfﬁgykéiéggemﬁg 5H§6ated

nical ~concept described rn appende el & e
bhavehasthhetwamsurédvast dgedng eheéebéstang deewedg process,
inclusive in the technjcal scope of the present
Fﬁ§8ﬁ§%8ﬂ 1802 86357 %BFlnghﬁbe ?QBgexsg%%tlon bulging
tBivekagSsheaRdpt BErkhke s0fet hewhbpatnpl atguglags used
in the present invention are not particularly
hekrfredenpondt épvar of rewopRd: ethbadsifanonee, ikor

Sé@g8£$tléhuﬂé Qéé% %et§$a§ r£30d3- Lk”?hg §§§telélass is

um nosSi I ca ass um no- bor osi

glamsnatbdrosnﬁlth@esgtass dphystreatet eapeoedgghassted in
gub jected to

process of heating drawing, whereby the warpage of the
glass strip can be suppressed. The inventors of the
present invention find the foregoing by repeatedly
conducting experiments to find a cause of warpage.
[0038] The present invention is not limited by the
embodiments described above. The embodiments are described

above merely by way of illustration, and anything that has

- substantially the same configuration with the technical

concept described in appended claims and that has the sane
advantageous effects are deemed inclusive in the technical
scope of the present invention.

[0039] For example, type, size, thickness, and the like
0of the float plate glass used in the present invention are
not particularly limited. A material of the plate glass

may be, for example, aluminosilicate glass, soda-lime glass,
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processing such as air-cooling or |iquid-cooling, or
chem cal tenpered glass. 5 [0040] Further, with regard
to the etching solution used to renove the reducing
het erogeneous | ayer of the pliate glass, etching power
(i.e., etching speed) nmay be adequately adjusted by
addition of a buffering agent such as anmoni um
quorlde pot assi um fl uoride, _or silicofluoric 10 acid

PREG & HPARBFLLSFRES a8l 85 Pasi BHRRUTPOROS Fht ¢her , 91ass,
8bheE 18610 LSHENs8S BMQEQE&POEéﬁpéféQ gﬁéééuéﬁﬁéé%%éﬁ to

hydrochl ori.c acid, nitric acid), comrercially

avarckabiag aashlag aQEnco@$un@ a5 heuttdtcoel ergenty

%gr cesa tive agent . _or al kal i ne detergent) nmay be

adde Fo nhance-a i% etching effect (washing effect)
and4the |Ikﬁrthérthﬁltﬁxﬁﬁ@h3§ tbhené edueh M@y solution used
het er ogeneous | ayer is renoved after _the nateri al
EPeﬁSWQVPoﬁhBr6@@§§lnﬁh%ﬁ@ﬁr@ﬁ%n?%%%véﬁy%¥ ¢hethe plate

bedus) nachel £ opsnepus, | ayer Fmy; he BeELel MRy PeLor o

materi a eparati on process 0041 urt her,
adeqsatééyeadmughaésbyreéditlo@ éfoawbhéfeetn@|m@emhdsuch
rocess S _var cording to

takt ti
R A e e T PR S S TS L AL

asiiheneongenyaad £ ofoof chydi @fbaoed Cs@rheion. t heurther,
etching solution, etch|ngbt|ne and tenperature of

PheesoridofsHey 25 BYeFer hBryipeaaiiust el weter I My

AP PP AT Sbor TREC Rt nag At e aar iy aveileple
@hahSngtagentaCSWCMimg heuthel pdesengentyemr Haceésactive
' 0 manufacture of a ed as

L abl late_ gl
SURAET abe et hra Toaf Sohateror guy obs Sdidiers Fapancs an

étehdngféeetct | alapRDEY Qfﬁ@&@ysanéuﬁﬁérﬁiﬁé forn the
magneti ¢ di sks, and the I|ike AIMS 1. A nethod

%%am@h©$act@¢|ﬁgd@cgm@s%eg¢r@@e%©%@$u%&h@r 19 epRRieTRe after
@ﬁelﬁgﬁérfafaﬁfeﬁgrgtfggqgfggeggfe%ﬁ&&@ﬁoyﬁe removal of the

reducing heterogeneous layer may be performed prior to the
material preparation process.

{00411} Further, the surface roughness resulting from the
etching and takt time of the processes vary according to
the types of the glass.- Therefore, etching conditions such
as the concentration of hydroflucric acid in the etching
solution, etching time, and temperature of the solution may
preferably be adjusted accordinﬁ to the types of the used
glass.

INDUSTRIAIL APPLICABILITY

[0042] The method of manufacturing a glass strip
according to the present invention is suitable for
manufacture of a plate glass used as substrates of
semiconductor devices, spacers for field-effect flat panel

displays, substrates for magnetic disks, and the like.
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| ayer in a surface of a plate glass manufactured

through 5 float process; and heating draw ng for

heati ng and softening the plate glass from which at

| east a part of the reducing,gheterogeneous |ayer is

renmoved in a heating furnace to draw the plate glass

to a desirable thickness to forma glass 10 strip. 2.

The net hod of nanufacturln?gJ]%fass strip according to

claim1, wherein 70% or BN hi ckness of the
ﬁeduchnﬂegﬁgﬁrQgeﬂ§RH§aﬁ£§¥fﬁg'§ éfﬁ@yegtffbtéghprlslng
renovi ng . od of “manufacturing a glass

str|pramQEIUQngttbeastaanpartmmér@lnedmmammehaigﬁQﬁﬁmeous
is Lmersed jn hyd% flugr%c-afid- based etch L9y, h
s6ltti o %nﬁuEFaF%a% 3 PartSof ehR PElctng e roug
hebetogeneoys; | ayer is renoved in the renoving. 20 4.

The net hod of manufacturing a glass strip according to

cl ai ni'22tiAer erawipg B@ﬁt%e@Fé%g §13d | perekeRNG nthe plate

§rdLOt EHOh Gn2Ch Car PRSEL: CLOPLRY SP! Ui R Ay | east

a part of the reducing ete ogeneous ayer enmoved

hatehegerpous nfayer is removed in a heating furnace to draw

the plate glass to a desirable thickness to form a glass
strip.

2. The method of manufacturing a glass strip according to

claim 1, wherein

70% or more in thickness of the reducing heterogeneous
layer is removed in the removing.
3.  The method of manufacturing a glass strip according to
claim 1, wherein

the plate glass i1s immersed in a hydrofluoric-acid-—
based etching solution and at least a part of the reducing
heterogeneous layer is removed in the removing.
4, The method of manufacturing a glass strip according to
claim 2, wherein

the plate glass is immersed in a hydrofluoric-acid-
based etching solution and at least a part of the reducing

heterogeneous layer is removed in the removing.



